Summary: The urinary excretion of free amino acids has been studied on 339 normal subjects, using ion exchange chromatography. Age related reference values were obtained. A simple method for their evaluation is discussed, and the· application of the method to the detection of increased glycinuria, resulting from «-dipropyl acetate therapy, is described.
Introduction
Aminoaciduria has been the subject of numerous reports, but there are relatively few reference values for normal subjects, obtained by cpluinn chromatography (Γ, 2). The present work describes a simple procedure for the determination of these values.
Materials and Methods
Subjects studied were hospitalized children and adults. Patients with enzymatic defects and premature infants (3) , and patients with renal failure or with other diseases for which variations of aminoaciduria have been described: muscular (4), bone (5), skin (6, 7) and eye (8) diseases, were all excluded from the study. We also omitted patients whose therapy is known to induce either methodological interferences in amino acid chromatpfraphy (9) or aminoaciduria variations (10) (11) (12) (13) (14) (15) . All subjects studied (191 males and 148 females) were in good nutritional state and their protein intake was normal. Physical activity was judged to be about the same for all subjects. Aminoaciduria was also studied on one subject during 5 days, and on 10 subjects receiving π-dipropyl acetate therapy. The single morning urine sample was collected in a bottle containing a thymol crystal The samples were either immediatly prepared for analysis or kept at -24 °C. This storage does not significantly modify aminoaciduria measurements (16) . Creatinine was assayed by the Jaffe's reaction (17) . 50 mg of crystallized su If ο salicylic acid were added to 1 ml of urine and the sample was then centnfuged 10 min at 500 g. A part of the supernatant (corresponding to 50 Mg of creatinine) was used for the chromatography, and norleucine (62.5 nmoles) was added as internal standard. The column chromatography was performed on a Technicon TSM Amino Acid Analyzer. The total analysis employed only one column (18) length 35 cm, internal diameter 0.63 cm with chromobeads Type C3 resin. The column was eluted by a discontinuous gradient (19) of 0.1 mo 1/1 citric acid -sodium citrate buffers: for 70 min with pH 3.25 buffer containing per liter 60 ml of methy cello solve and 5 ml of thipdiethanol; then for 40 min with pH 4.25 buffer; followed by 110 min with pH 6.0 buffer containing NaCl 0.55 mol/1. Elation was performed at 57.5 °C with a 0.55 ml/min flow. This method separated: phpspho-ethanolamine, taurine, hydioxyproline, aspartic acid, threonine. serine, glutamic acid + gjutamine, citrulline, proline, glycine, alanine, cystine, valine, cystathionine, methionine, alloisoleucine, isoleucine, leucine, tyro sine, phenylalanine, hydroxylysine, histidine, lysine and arginine. When the pH of the buffer was shifted from 4.25 to 6.0, homocystine, 0-alanine, 0-aminoisobutyric acid and 7-aminoisobutyric acid were eluted together, after the peak of phenylalanine. Every tenth sample through the analyzer was a mixture of the 17 commonest amino acids and the internal standard (62.5 nmoles of each). Only the fourteen aminoacids representing more of 90% of the whole aminoaciduria (1) were currently mea$ured: threonine, serine, glutamic acid (+ glutamine), proline, glycine, alanine, cystine, valine, leucine, tyrosine, phenylalanine, histidine, lysine. The results were expressed either as μηιοΐ/g creatinine or as a fraction of the sum of all 14 amino acids measured.
Results
Results obtained from the single morning urine samples of one subject are gathered in table 1. The results expressed in μτηοΐ/g creatinine show a relative stability, the largest variations being those of lysine, threonine, Tab. 1. Urinary excretion of free amino acids in one subject during 5 days in μπιοΐ/g creatinine and as a fraction of the sum of amino acids (see Results). The results expressed in μπιοΐ/g creatinine for 339 subjects are shown in tables 2 and 3. All subjects over 13 years old have been gathered in the same group. The aminoaciduria decreases with the increasing age of the subjects, especially for those amino acids that show the highest excretion. The large variance observed for each amino acid seems to be related to individual variations, both of aminoaciduria and of creatininuria. In table 4, each amino acid concentration is expressed as a fraction of the sum of currently measured amino acids. The variance observed is especially large m the first and second groups (less than 6 months of life). Significant increases of glutamic acid + glutamine (p < 10~3), tyrosine (p < 10" and a significant decrease of glycinuria (p < 10~3) are observed between the first and the second groups (table 3) . In contrast, all fractions are almost constant over the age of 6 months, except for serine and lysine. The coefficients of variation observed in table 3 and 4 are compared by paired Student's test (table 5) . For all amino acids except leucine, these coefficients ^re smaller when the results are expressed as a fraction of the sum" of amino acids measured.
We had previously shown that glycinuria was increased by w-dipropyl acetate therapy (12,. 15 . * was subsequently found by others (13, 14) . In 10 subjects the increase of glycinuria (table 6) was more significant when expressed as a fraction (p < 10~3) than as μπιοΐ/g creatinine (p < 10~2).
Discussion
Not all amino acids were measured in this investigation. Some (taurine, j3-aminoisobutyric acid, tryptophan) were omitted for technical reasons, the elution of the resin being adapted to a screening program. Others were omitted because they are poorly excreted in normal subjects (hydroxyproline, cystathionine, methionine, isoleucine, ornithine, arginine), but these are all separated and can be measured if their concentrations are increased.
A single morning urine sample is normally used for the determination of reference values for aminoaciduria (21), and the amino aciduria is normally related to creatinine excretion. Creatinine concentration was claimed to be relatively constant in the single morning urine sample (20, 21). This assumption is certainly true for any one subject, the amino acid excretion showing little variation during several days (table 1) . But the variation of muscular weight with age and sex causes the results for different individuals to be more scattered (tables 2 and 3). Moreover the immaturity of renal amino acid transport systems (22, 23) may explain the differences observed between the first group of subjects (less than 1 month old) and the others. The use of the sum of predominant amino acids in the excretion pattern as a criterion significantly decreases the variances of results (table 5) . The amino acid excretion related to the creatininuria is a useful index for the diagnosis of aminoacidopathies and aminoaciduria, but it is inadequate for the appraisal of small changes in one or several amino acids. Thus the effect of «-dipropyl acetate therapy on glycinuria appears more dramatic when expressed as a fraction change. When results are expressed in μπιοΐ/g creatinine (table 6), glycinuria overlaps the limit of two standard deviations in 6 cases only; it stays between χ + l S. D. and χ + 2 S. D. in one case; it remains between χ and χ + l S. D. in two cases and is even inferior to χ in one case. When results are expressed as a fraction glycinuria is always over χ + l S. D. and in 8 cases, overlaps χ + 2 S. D. This gives a better statistical significance in a t-test with paired series p < 0.001 (t = 5.53), whereas p < 0.01 (t = 3.54) for the former method.
The method of expression described here makes it possible to study moderate variations in the excretion of only some amino acids; such changes may be spontaneous or due to drug administration. It also removes the need to assay aminoaciduria and creatininuria simultaneously on a total 24 hour urine.
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